Debate over the uniqueness of human culture and the role that imitation plays in its 17 evolutionary and ontogenetic development has become the focus of increasing research 18 attention (Caldwell & in cumulative technological culture, thus, it was suggested that children's over-imitation is 44 driven by their need to learn about causally-opaque cultural artefacts (Lyons et al., 2007) . 45
This may be especially important in cases where cultural accumulation has led to artefacts 46 whose causal properties have become complex and opaque, i.e. copying is required to 47 which added actions that neither changed nor moved objects, were generally unable to find 77 action-copying in chimpanzees (Tennie, Call & Tomasello, 2012) , but found it in children 78 (Legare, Wen, Herrmann & Whitehouse, 2015) . 79
80
Given these constraints and the fact that no equivalent data is yet available for the capacities 81 of our other closest living relative, the bonobo (Pan paniscus), the question of whether over-82 imitation is uniquely human among the great apes remains unresolved. Nevertheless, it is 83 acknowledged that some animals will copy some actions under certain conditions (Huber et 84 al., 2009). This includes, for example, the so-called 'Do as I do' studies which involve 85 heavily-trained animals (Call, To date, most research on great ape social learning has focused on 'two-target' tasks 98 involving experimental puzzle boxes that can be opened in more than one way in order to 
subject. 129
Here, we addressed the confounds of previous studies by designing a paradigm which could 131 test for pure over-imitation, while excluding other social learning mechanisms. We did this 132 by using purely manual gestures as the target actions where no physical information was 133 provided about the solution. In order to probe the potential for over-imitation, some of the 134 target actions were visibly causally-irrelevant. We included target actions that were, to our 135 knowledge, novel or at least very unlikely to be part of a species-typical repertoire. 136
137
To promote the possibility of demonstrating imitation by great apes, we focused our attention 138 to bonobos, a species of great ape that is equally as related to humans as chimpanzees, yet 139 comparatively less studied. For a number of reasons, bonobos may represent a more 140
promising candidate species to demonstrate imitation than chimpanzees. This is because 141 Between demonstrations, the demonstrator refilled the box behind an occluder, preventing the 208 refilling and closing from being seen. 209
210
We tested imitation for actions that we considered plausibly typical or uncommon, based 211 upon our direct observations of actions performed by bonobos and children and our 212 knowledge of their typical manual behaviors. In the 'uncommon' action condition ('Rub-213 Rotate'), the demonstrator placed the back of the right hand on the top of the box and slowly 214 rubbed it in a clockwise circular motion four times. Next, the demonstrator raised the right 215 hand into the air next to the box and slowly rotated the wrist four times. Given the difficulty 216 in ascertaining whether a demonstrated behavior is truly novel for a long-lived species 217 (Zentall, 2001), we considered these two actions to be 'uncommon' on the basis that, to our 218 knowledge, they had not been previously observed in the study population or any other 219 observed by the authors, and were also unlikely to occur within the species-typical repertoire. 220
We also included a 'typical' action condition ('Cross-Trace'), which included actions that 221 were rare but nevertheless fell within the ape species-typical repertoire, and have also been 222 observed in this bonobo population (Z. Clay, personal observations). Here, the demonstrator 223 held the box (left hand) and with the index finger, slowly traced a diagonal cross across thearound its full diameter. There was also a Control Condition (children only), in which 226 everything remained the same except that no target actions were demonstrated. 227
228
Following each demonstration, the demonstrator pretended to re-fill the box behind the 229 occluder, but swapped it with a replica box, which was identical in dimensions and external 230 appearance except that it did not actually open (the groove resembled that of the other box, 231 but in reality was not deep enough to open). The use of a replica maximised the chances of 232 observing imitation once species-typical solutions were discovered to be ineffective. Our study identified striking contrasts in young children's copying behavior as compared to 287 that of bonobos, our closest living relatives. Children readily copied the actions, which were 288 visibly causally-irrelevant, whereas not a single bonobo did. Whether or not the bonobos 289 were unable, unwilling, or both, to copy, the results highlight striking differences in human 290 children's cultural behaviors as compared to those of great apes. Importantly, our study 291 addressed methodological constraints of previous studies, thus providing a true test for over-292 imitation which allowed us to compare the performances of both children and great apes. The fact that the bonobos failed to over-imitate demonstrates that even enhanced social 302 orientation may not be enough to trigger human-like cultural learning behaviors. These 303 results thus demonstrate an important qualitative difference between humans and great apes 304 in regards to the capacity or motivation to copy visibly causally-irrelevant actions. 305
Differences in the capacity for action-copying may relate to cognitive constraints in great 306 apes' abilities to understand goals and intentions as humans do (Call & Tomasello, 2008) . 307
Differences in motivation are likely to relate to the strong affiliative and normative drivers of 308 imitation in humans but not in great apes (Over & Carpenter, 2012; Legare & Nielsen, 2015) . 309
310
An alternative explanation to the lack of copying by the apes is that it was due to 311 methodological constraints. However, although small sample size is frequently a critique of 312 great ape studies, this was not the case for our study. The combined results from the two 313 related studies also make this explanation unlikely for chimpanzees (Tennie et al., 2012; 314 Tomasello et al., 1997). Age is also unlikely to be an explanatory factor, given that a full age 315 range was tested, and no subject showed evidence of copying. Another possibility is that 316 using a human demonstrator inhibited the bonobos' motivation to imitate. However, a 317 
